To estimate the frequency of and to characterize the adverse drug events at a terciary care hospital.
The interest in adverse drug events (ADE) in hospitalized adults is growing.
The frequencies found for the occurrence of ADE in hospitalized adults are disparate. A systematic review of 29 studies found between 1.7 and 51.8 events per 100 hospitalizations. The variability in the estimates could be put down to differences in the definitions and the ways of recording ADE, to population characteristics and to prescribing habits. 2 There are several approaches used to capture ADE. In those which are implicit, the technique for identifying events is less systematic, is subjective and there is poor reliability between the judgments of the evaluators, even when they are experienced. 1 Approaches using automated procedures, active searches or monitoring identify a higher number of events than those that depend on spontaneous notifications. 9, 16 Using automated surveillance 16 or computerized systems supporting clinical decisions 17 means more objective evaluations. Investigations based on nationwide administrative databases, 23 together with the International Classification of Diseases, 3, 15 contributes to decreasing the time spent on analysis and improves the cost-benefit ratio of identifying events.
Using signs, or triggers, is a recent approach, and they act as clues in identifying adverse events and are used within hospitals, both prospectively 5 and retrospectively, 10 in intervention studies 6 or in the emergency services. 22 ADE have been shown to be promising in a variety of environments and using different approaches. The aim of this study was to estimate the frequency of ADE and to characterize them in tertiary care hospitals
METHODS
ADE are the occurrence of any harm to the patient related to medical intervention with the use of medication, resulting in a temporary or permanent physical or psychological disturbance in the body or in its structure. The definition includes prescribing, dispensing and administrating errors and adverse reactions. 21 Events existing upon hospital admission were excluded.
A retrospective review was carried out of medical records in a hospital in Rio de Janeiro, RJ, Southeastern Brazil, containing around 450 tertiary care beds distributed between medical and surgical clinics, which treated Brazilian Unified Health System (SUS) patients. A team of researchers from the Fundação Oswaldo Cruz/ Ministry of Health was in charge of coordinating the study. The medical record evaluation was conducted together with doctors, pharmacists and nurses involved in risk management in the hospital.
INTRODUCTION
Four simple random samples were extracted from hospital discharge sheets for January, April, July and October 2007, based on databases recording hospitalizations. Data were collected at different periods in order to prevent the study being affected by seasonal variation in the frequency and type of events. Medical records were selected for the first month of each threemonth period, considering variations throughout the year. Each hospital patient had equal chance of being selected to participate in the study. The following parameters were considered when calculating the sample size: error of 10.0%; statistical significance of 95%; frequency of the event studied, 10.0%; and losses of 10.0%. Patients aged under 15 years were excluded, as were cancer patients, those who spent fewer than 48 hours in hospital and those in the emergency and obstetrics departments. Every day of hospitalization was examined, excluding those that were spent in intensive care units. There were no readmissions. A total of 2,092 medical records were deemed to be eligible, giving a sample of 128 medical records corresponding to 1,862 days of hospitalization. There were no irreplaceable losses.
The sources of the data were: hospital discharge summaries, prescriptions, progress notes and SUS hospital admission authorization forms. The data collected covered: demographic data and data on existing comorbidities on admission; the dose, frequency and administration method of prescribed pharmaceutics; results of laboratory tests; patients progress, recorded by the medical, nursing and pharmacy team; description and dates of triggers and of adverse events recorded as such or as interactions which could be associated with medication.
A data entry program for laptops was developed in order to avoid errors and facilitate recording the data extracted.
The triggers used, after adjustments to the list proposed by Rozich, 21 were grouped into three types. The first included: use of antihistamines; coagulants; flumazenil; anti-emetics; naloxone; anti-diarrheal; sodium polystyrene. And also digoxin, when accompanied by signs and symptoms of intoxication (arrhythmia, bradycardia, nausea, vomiting, anorexia, visual changes). The second group included: blood sugar below 50 mg/dL, partial thromboplastin time (PTT) above 100 seconds; International Normalized Ratio (INR) above 6; white count below 3,000 x 106/μl blood cells, platelet counts below 50,000; elevated serum creatinine. The third group included: excessive sedation, lethargy, hypotension, falls, skin rash, sudden interruption of the medication; transfer to care of a higher level complexity.
Each medical record selected was independently evaluated by two health care professionals, looking for triggers and adverse events. The association between the adverse event and the suspected medication is established considering the temporal relationship between them and the patient's clinical evolution, as well as descriptions in the literature of similar events. The medical records in which ADE were identified by at least one evaluator were examined in detail in meetings with all members of the evaluation team. Thus, doubts were settled and consensus reached on the occurrence and the severity of each event and its link to medication.
Further details on triggers can be found published elsewhere. 11, 20 The subgroups of patients with and without ADE were compared and the figures presented as absolute, proportions, means and standard deviation. The differences between the subgroups according to the variables selected, were tested for statistical significance (Chi-square, Fisher's exact and Student's t tests).
The overall Positive Predictive Value (PPV) was calculated for the sets of triggers and for each trigger. PPV was defined as: number of patients for whom a trigger was indicating an ADE found divided by the number of patients for whom a trigger was indicating an ADE found plus the number of patients for whom a trigger did not indicate and AME. 12 The rate of "triggers per 100 records" and the rate of "AME per 100 records" for each trigger.
The total incidence of ADE was calculated, as was its distribution by type of event, each corresponding to an ADE-implicated medication partnership, classified according to the severity of the harm caused to the patient, based on the National Coordinating Council for Medication Error Reporting and Prevention Index for Categorizing Errors. 21 The medications implied were classified according to the Anatomical Therapeutic Chemical (ATC) 24,a and distribution was presented as absolute and relative frequency. 
RESULTS
Mean age was 53.2 years (SD = 17.4 years), females predominated (60.2%) and the mean length of hospitalization was 14.6 days (SD = 19.9 days). In 73.0% of cases, the medical record contained information on occupation of which 47.9% were retired and 18.1% were homemakers (Table 1) . The most commonly found principal diagnoses were neoplasms (25.8%), diseases of the digestive system (20.3%), diseases of the genitourinary system (15.6%) and diseases of the circulatory system (14.8%).
There was a significant difference (p < 0.01) in the length of hospitalizations between patients who experienced ADE and those who did not, with shorter stays for the latter group (10.7 days versus 35.2 days). The characteristics of the patient related to the severity of the case were not statistically significant in the comparison between the groups, according to the Charlson Index. The probability of having an ADE was higher in those with more, and more severe, comorbidities. Those who stated that they were "housewives" had a higher chance of having an ADE compared with those who said they were "retired" (p = 0.037) ( Table 1 ).
The triggers showed that 15.6% of the medical records contained an ADE. As there were patients who suffered two or more events, 34 ADE were found, 32 of which caused temporary harm to the patient and two of which contributed to the patients' death. The rate of events was estimated to be 26.6 ADE/100 medical records (Figure) .
The overall PPV was 14.4 (Table 2 ).
Of the 18 triggers, four (benzodiazepine antagonist; opioid antagonist; PTT above 100 seconds; INR above six) were not identified in any of the medical records evaluated. Another six (use of antihistamines or of antidiarrheal medication, or ion exchange resin; decreased leukocytes; decreased platelets; transfer to higher level of care complexity), although described in the records, did not identify ADE. Of the remaining eight (use of coagulants, or anti-emetics, or digoxin; blood sugar < 50 mg/dL, elevated serum creatinine, sedation, skin rash, sudden interruption of medication), the PPV ranged from 12.0% to 100.0%.
In total, there were 34 ADE, and the most commonly found were nausea and vomiting (ten events), somnolence (five) and hypoglycemia (four). Those remaining were: fainting (three) and hypotension, renal failure, pruritus, fall, and bleeding (two events each) ( Table 3 ). The two most severe ADE occurred in the same patient, a 79-year-old male diagnosed with abdominal aortic aneurysm with no mention of rutpure (ICD-10 I71.6), hospitalized for 49 days. The patient suffered from hypotension and renal failure, which can be attributable to the use of captopril + spironolactone + isosorbide + furosemide and to the use of simvastatin, respectively. The use of these medications may have precipitated the patient's death. The 34 ADE were associated with 54 medications. The class of medicines most commonly involved were those that act on the cardiovascular system (27.8%); on the nervous system (22.2%); and on the digestive apparatus and metabolism (20.4%) ( Table 4 ). The most commonly implicated medications were: tramadol (four events), dipyrone (four), glibenclamide (three) and furosemide (three).
DISCUSSION
It was estimated that 15.6% of the hospitalized patients experienced ADE, a figure which is within the interval, albeit a wide interval, of the estimates of the recent revision. 2 Other studies have identified events using triggers or clinical or laboratory signs and have found a variety of values of 2%, 5 3.4% 10 and 24%. 7 There are several factors which may affect the estimates: among them, the implementation of interventions ensuring patient safety. ADE in the US fell by a factor of three in two years following educational interventions on medications. 6 Comparing the two groups of patients suggests that the mean length of hospitalization is higher among those who experience an ADE (35 days versus 11 days, p < 0.01), which coincides with findings by other authors.
5,9
The extended length of hospitalization is a burden to the health care system and the patients are at increased risk, inherent to the hospital environment.
Patients with comorbidities and more serious clinical situations have a higher proportion of ADE than others (19.6% versus 13.0%), although the difference was not statistically significant. More complex cases, with more disease and more interventions seem to have a higher chance of presenting complications and interactions between medications and diseases.
In general, there are relatively few cases of serious harm or death deriving from ADE. 7, 9 It was estimated that 82.0% of events caused temporary harm and the need for some type of intervention to the patient. Even those events not considered serious, but that must cause discomfort to the patient, need to be recorded in the medical record.
Analgesics and antibiotics are among the medications most commonly involved in adverse events, 21 although cardiovascular medication also figures among the most commonly implicated classes. 9 These three groups account for 61.0% of medications involved in this study.
The most commonly encountered triggers were: sudden interruption of medication, prescribing anti-emetics and situations involving sedation, lethargy, falls or hypotension, coinciding with Rozich. 21 Given the frequency with which these triggers occur (above 27/100 medical records), it was possible to identify a greater number of ADE. Excessive sedation performed best: in ¼ of the cases in which it appeared, it indicated a possible ADE.
There are triggers which, although present in fewer medical records, were more efficient in identifying ADE: skin rash, blood sugar < 50 mg/dL and the use of digoxin with clinical signs or symptoms of digitalis intoxication. This meant higher PPV values and identified adverse events in proportions > 1 / 3 .
Comparing the performance of each trigger is difficult as the result can be affected by the sample size. Moreover, the performance of the trigger may vary over time and due to changes in diagnostic and therapeutic practices.
"Sudden interruption of the medicine" was a trigger identified in 63.0% of medical records. It can be affected by non-clinical factors unconnected with the patients' treatment, such as standardization and acquisition of pharmaceutical products, as well as by the quality of the data recording system. It allowed ADE to be identified in almost 8.0% of medical records and indicated that the quality of hospital management in the area of medication needs to be improved. Using trigger tools to identify ADE enabled laboratory parameters printed on digitalized forms to be examined together with the sheets on clinical evolution from the medical record. The advantages of the objectivity of electronic information are associated with efficacy in the critical reading of the medical records, a long and subjective process.
This study had several positive points: extracting a representative sample from the hospital; standardizing procedures for identifying triggers and adverse events; using an electronic data entry program to reduce errors; double evaluation of the medical records and meetings to achieve consensus in order to increase validity in identifying cases.
Independent evaluation by two health care professionals was supported in a recent article. 24 Including more evaluators does not improve reliability. Zegers et al 24 studied the reliability of a retrospective review of medical records, performed by doctors, to identify adverse events in general, including those associated with medications. The reliability between the two independent reviewers was substantive (kappa 0.64; 95%CI 0.61;0.68) in the first stage; in the second stage, with another two doctors involved in reviewing each medical record, followed by a consensus meeting, the concordance was poor (kappa 0.25; 95%CI 0.05;0.45). Even so, more events were identified in the second stage.
One of the limitations of the study was that it was not able to distinguish between adverse reactions and errors. It would be beneficial to make this distinction, as it enables interventions reducing errors in prescribing, dispensing and administering medications to be planned. Estimates of systematic reviews using meta-analysis 13 are that avoidable adverse events related to medication affect 1.6% (95%CI 0.1;51.0) of hospitalized patients, which corresponds almost half of the events identified (45%, 95%CI 33.0;58.0). There seems to be a tendency to draw up studies that emphasize overall estimates of the frequency of events that harm the patient, irrespective of the causality associated with error, leaving the study of errors and their "preventability" to specific approaches.
As this was a retrospective study, the data were not complete and were recorded for ends other than evaluating care results. The hospital provided tertiary care with teaching activities, which guaranteed the quality of the medical records and record and identification of ADE triggers, which does not exclude the possibility that values were underestimated.
Formal instruments distinguishing between probable and possible reactions or establishing a causal relationship between the medication and the ADE were not used. Those elements traditionally used for this end were considered, such as the temporal relationship between cause and effect; previous knowledge of effect, using the literature; underlying diseases as alternative causes for explaining the adverse effects. Even so, the simultaneous use of multiple medications during hospitalization, the occurrence of drug interactions and incompletely recorded verbal prescriptions may affect assessments of causality. However, it is probable that overall estimates were not subject to relevant bias.
Extrapolating the results for the hospital as a whole and the proportional distribution of events should be viewed with caution, as the sample was calculated considering global incidence of expected ADE. Despite this caveat, extrapolation may suggest areas for intervention. Overall occurrence of adverse events would be 565 events per year. Among them, some clinically relevant effects have the potential to be reduced: 33 hemorrhages, 33 falls and 131 events involving drowsiness or fainting that could lead to falls.
A critical revision of anti-coagulant treatments should be considered, as complications involving hemorrhage, associated with inappropriate recommendation of anti-coagulants, are among the most common causes of avoidable adverse events. 14 In the same way, it is recommended that the use of psychotropic medication and the prescription of medications altering the functioning of the central nervous system be revised, as these are risk factors for falls.
Reviews do not enable any intervention to be made into the patients' treatment whilst in hospital, as they are a retrospective method, but they show the need to transform prescribing habits and to create strategies to decrease or avoid new events. Measures such as creating monitoring systems may contribute to improving drug treatments. Electronically automated laboratory parameters or the sudden interruption of treatment (triggers used herein), could be used prospectively to allow intervention in real time.
In Brazil, evaluating problems related to side effects from medication us just beginning. Evaluating health care quality and patient safety are areas which up to now have been investigated very little and studies on using triggers are scarce. 18, 19 The following could make the method more cost-effective: decreasing the number of triggers; using those with higher PPV; using those with more clinical and epidemiological relevance in the hospital. It is possible to refine the definition of some triggers so as to decrease the number of false positives. 11 In this country, it is urgent that all the prescriptions of hospitalized patients be systematically electronically recorded, as in the majority of European countries and Lactulose E E = temporary harm to the patient and the need for intervention, F = temporary harm to the patient and the need for hospitalization or prolongation of hospitalization, I = death a The number of cases does not match the number of rows in the " Medications implicated" column because there are repeated EAM-drug pairs (dipyrone-nausea = 2 instances hypoglycemia-glibenclamide + metformin = 2 cases, and hemorrhage-enoxaparin = 2 cases).
in the United States of America. This measure would enable the profile of the prescription to be identified and the role of adverse events in patient care and health care management to be evaluated more quickly and cheaply.
Using triggers to monitor patient care results requires commitment on the part of managers and engagement on the part of health care professionals working in teams directly connected with patient care. Improving quality takes place in an environment in which the rational use of medication and preventing errors in prescribing, dispensing and administering medication needs permanent attention and to be an integrated part of measures aiming at overall improvement in health care service quality. 
